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MEMORY COOLER

FIELD OF INVENTION

[0001] This invention relates to coolers, heat spreaders, and
heat sinks for memory modules.

DESCRIPTION OF RELATED ART

[0002] A memory cooler pulls heat away from a memory
module to improve performance and reliability. A simple
memory cooler may be a heat spreader mounted to memory
chips on a memory module. A more complicated memory
cooler may include a heat pipe with a working fluid that
carries heat away from the heat spreader to fins located above
the memory module. Furthermore, a fan may be mounted
directly above the fins to move air through the fins.

SUMMARY

[0003] In one or more embodiments of the present disclo-
sure, a cooler for a memory module in an enclosure includes
aheat plate and heat fins. The heat plate has a top edge and an
interior side. The interior side is to be thermally coupled to an
exterior side of the memory module. The heat fins are con-
figured according to the airflow, simulated or actual, in the
enclosure. In one or more embodiments, the heat fins extend
upward from the top edge and curve diagonally away from the
heat plate. The heat fins may be arranged in increasing diago-
nal reach along the top edge of the heat plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] In the drawings:

[0005] FIG. 1 illustrates an isometric view of a computer
system with an enclosure in one or more embodiments of the
present disclosure;

[0006] FIG. 2 illustrates an enlarged isometric view of the
computer system of FIG. 1 in one or more embodiments of the
present disclosure;

[0007] FIG. 3 shows a side view of the computer system of
FIG. 1 in one or more embodiments of the present disclosure;
[0008] FIGS.4,5,6,and 7 respectively illustrate isometric,
front, top, and side views of a memory cooler mounted on a
memory module in the computer system of FIG. 1 in one or
more embodiments of the present disclosure;

[0009] FIGS. 8,9, and 10 respectively illustrate isometric,
front, and top views of memory coolers mounted on memory
modules in the computer system of FIG. 1 in one or more
embodiments of the present disclosure;

[0010] FIG. 11 illustrates a method for arranging heat fins
of'memory coolers in one or more embodiments of the present
disclosure; and

[0011] FIG. 12 illustrates an isometric view of a self-ad-
justing memory cooler in one or more embodiments of the
present disclosure.

[0012] Use of the same reference numbers in different fig-
ures indicates similar or identical elements.

DETAILED DESCRIPTION

[0013] Components on a printed circuit board are placed as
close as possible to efficiently utilize the board space and this
can cause thermal issues at the component level. The problem
is compounded for memory modules because they are gener-
ally placed in a row close to the central processing unit (CPU)
and other chipsets that generate large amounts of heat. Fur-
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thermore, the memory modules located in the middle of the
row or furthest away from the cooling air may have thermal
issues.

[0014] FIG. 1 illustrates an isometric view of a computer
system 100 with an enclosure 102 in one or more embodiment
of the present disclosure. Part of enclosure 102 is shown in
phantom to reveal the inside of computer system 100. Com-
puter system 100 includes fans 104 (only two are labeled) that
push air from the front to the back of enclosure 102. Other fan
configurations may be used, including fans at the back that
work alone or in conjunction with fans 104 to pull air out from
enclosure 102.

[0015] FIG. 2 illustrates an enlarged isometric view of
computer system 100 in one or more embodiments of the
present disclosure. Computer system 100 includes a printed
circuit board (PCB) 202 with a row of memory slots 204, 206,
208, and 210, memory modules 214, 216,218, and 220 in the
memory slots, a voltage regulator module (VRM) 222 on the
PCB adjacent to the memory modules, and a CPU 224 on the
PCB adjacent to the VRM. In one or more embodiments,
memory modules 214, 216, 218, and 220 are dual-inline
memory modules (DIMMs), and the memory slots are DIMM
slots. Each memory module includes memory chips, such as
dynamic random access memory (DRAM) chips, mounted on
one or both sides of a printed circuit board. Each memory
module may also include one or more heat spreaders mounted
to the memory chips.

[0016] FIG. 3 shows a side view of computer system 100 in
one or more embodiments of the present disclosure. The
closet fan 104 to memory modules 214, 216, 218, and 220
creates a pattern of airflow 302 in enclosure 102. Airflow 302
may be determined by simulation or by testing.

[0017] FIGS.4,5,6,and 7 respectively illustrate isometric,
front, top, and side views of a memory cooler 402 mounted on
memory module 214 in one or more embodiments of the
present disclosure. Memory cooler 402 includes a heat plate
404, a row of heat fins 406 (only some are labeled) extending
from heat plate 404, a heat plate 408, and a row of heat fins
410 (only some are labeled) extending from heat plate 408.
[0018] Heat plate 404 is a rectangular sheet of thermally
conductive material, such as aluminum or copper. The inte-
rior side of heat plate 404 is thermally coupled to a corre-
sponding exterior side of memory module 214. The thermal
coupling may be direct or indirect through an intermediary
such as a thermal pad or thermal grease. The exterior side of
memory module 214 refers to exterior surfaces of the memory
chips or a heat spreader mounted to the memory chips. Heat
plate 404 is fixed adhesively or mechanically to memory
module 214.

[0019] Heat fins 406 are strips of thermally conductive
material, such as aluminum or copper. Heat fins 406 have
rectangular cross-sections. Heat fins 406 extend upward from
the top edge of heat plate 404. Heat fins 406 are spaced apart
along the top edge of heat plate 404. Heat fins 406 are
arranged in increasing length from the front to the back ofthe
top edge of heat plate 404. The front refers to the end of heat
plate 404 that is closest to a fan 104. Heat fins 406 are curved
and twisted at least along part of their lengths. The exact
configuration of heat fins 406 is optimized for heat dissipation
based on airflow 302 (FIG. 3) in enclosure 102.

[0020] Inone or more embodiments, a first set 602 (FIG. 6)
of heat fins 406 curve forward along the length of heat plate
404. Heat fins 406 in the first set 602 increase in height along
the length of heat plate 404. Heat fins 406 in the first set 602
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are twisted in the same direction, e.g., counterclockwise, so
their free ends and as much of their surface area as possible
are substantially parallel to airflow 302 in enclosure 102.
Consecutive heat fins 406 in the first set 602 are also laterally
offset along the heat plate 404 as seen in FIG. 6.

[0021] Inoneormore embodiments, a second set 604 (FIG.
6) of heat fins 406 follows the first set 602 (FI1G. 6) ofheat fins
406 along heat plate 404. The second set 604 of heat fins 406
curve diagonally away from heat plate 404. For example, heat
fins 406 of the second set 604 curve forward and outward
from heat plate 404. Heat fins 406 in the second set 604
increase in height and diagonal reach along the length of heat
plate 404. Heat fins 406 in the second set 604 are twisted in the
same direction, e.g., clockwise, so their free ends and as much
of their surface area as possible are substantially parallel to
airflow 302 (FIG. 3) in enclosure 102.

[0022] Heat plate 404 and heat fins 410 are of the same or
similar construction as heat plate 404 and heat fins 406. Heat
fins 410 are arranged in the same orientation so they are
parallel to heat fins 406.

[0023] FIGS. 8,9, and 10 illustrate isometric, front, and top
views of memory coolers 402 mounted on memory modules
214, 216, 218, and 220 in one or more embodiments of the
present disclosure. Although the same design is shown for all
memory coolers 402, each memory cooler may be optimized
according to airflow 302 (FIG. 3) in enclosure 102.

[0024] As can be seen, the free ends of the heat fins are
offset from each other due to their increasing height and
diagonal reach so they do not block each other from airflow
302 (FIG. 3) in enclosure 102. This allows the heat fins to be
exposed to more air for better cooling. The free ends of the
heat fins are substantially parallel to airflow 302 so they do not
impede the airflow. The curvatures of the heat fins guide the
air along their larger lateral surfaces down to memory mod-
ules 214, 216, 218, and 220 for better cooling. As some heat
fins are curved away from memory modules 214, 216, 218,
and 220, they reach into portions of airflow 302 not immedi-
ately adjacent to the memory modules.

[0025] FIG. 11 is a flowchart of a method 1100 for arrang-
ing the heat fins of coolers 402 (FIG. 8) in one or more
embodiment of the present disclosure. Method 1100 may
include one or more operations, functions or actions as illus-
trated by one or more of blocks. The various blocks may be
combined into fewer blocks, divided into additional blocks,
and/or eliminated based upon the desired implementation.
Method 1100 may be performed with the aid of a computer.
Method 1100 may begin in block 1102.

[0026] Inblock 1102, airflow 302 about the memory mod-
ules 214, 216, 218, and 220 in enclosure 102 is determined.
Airflow 302 may be determined by computer simulation or
testing.

[0027] In block 1104, the heat fins of coolers 402 for
memory modules 214, 216, 218, and 220 are adjusted for
airflow 302. The heat fins are curved and twisted so their free
ends are parallel airflow 302 and their lateral surfaces would
bring the simulated airflow down to the memory modules. As
described above, the heat fins may be arranged in increasing
height and diagonal reach, and the free ends are offset so they
do not block each other from airflow 302 in enclosure 102.
[0028] FIG. 12 illustrates an isometric view of a self-ad-
justing memory cooler 1200 mounted on memory module
214 in enclosure 102 (FIG. 1) in one or more embodiments of
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the present disclosure. Memory cooler 1200 includes a heat
plate 1204 and heat fins 1206 rotatably mounted along the top
of the heat plate.

[0029] Heat plate 1204 includes a rectangular block 1208
and pins 1210 extending from the top edge of the rectangular
block. Heat plate 1204 and heat fins 1206 are made of ther-
mally conductive material, such as aluminum or copper. The
interior side of heat plate 1204 is thermally coupled to a
corresponding exterior side of memory module 214. The
thermal coupling may be direct or indirect through an inter-
mediary such as a thermal pad or thermal grease. Heat plate
1204 is fixed adhesively or mechanically to memory module
214.

[0030] Each heat fin 1206 is an airfoil with a bottom bore
1212 for receiving a pin 1210 on heat plate 1204 so heat fin
1206 can freely rotate. Thermal grease may be added to pins
1210 and bores 1212 to reduce friction and increase thermal
conductivity. Although heat fins 1206 are illustrated as of the
same dimensions, they may vary in length and cross-section.
[0031] As heat fins 1206 are freely rotatable airfoils, they
self-align along the direction of the airflow 302 (FIG. 3)
within enclosure 102 (FIG. 3) so their surfaces are parallel to
the airflow to improve the cooling of memory module 214.
This is particularly helpful when one of the cooling fans fails
and airflow 302 changes. Memory cooler 1200 then re-aligns
itself so the fin surfaces are parallel to the new airflow so the
cooling of memory module 214 is less impacted by the failing
cooling fan.

[0032] Various other adaptations and combinations of fea-
tures of the embodiments disclosed are within the scope of the
present disclosure. Numerous embodiments are encom-
passed by the following claims.

What is claimed is:

1. A cooler for a memory module, comprising:

a heat plate having a top edge and an interior side, the
interior side for thermally coupling to an exterior side of
the memory module; and

a row of heat fins extending upward from the top edge, the
heat fins being strips that are curved and twisted so their
free ends are substantially parallel to a simulated or an
actual airflow about the memory module.

2. The cooler of claim 1, wherein the heat fins are arranged
in increasing length along the top edge, the heat fins curving
diagonally away from the heat plate.

3. The cooler of claim 2, wherein the heat fins are further
arranged in increasing diagonal reach along the top edge.

4. The cooler of claim 3, wherein the heat fins are arranged
in increasing height along the top edge.

5. The cooler of claim 2, further comprising an other row of
other heat fins in line with the row of heat fins along the top
edge, the other heat fins extending upward from the top edge
and curving along the length of the heat plate.

6. The cooler of claim 5, wherein the other heat fins are
arranged in increasing height along the top edge.

7. The cooler of claim 6, wherein the other heat fins are
laterally offset from each other along the top edge.

8. The cooler of claim 1, further comprising an adhesive on
the interior side for mounting to the exterior side of the
memory module.

9. The cooler of claim 2, further comprising:

an other heat plate having an other top edge and an other
interior side, the other interior side for thermally cou-
pling to another exterior side of the memory module; and
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an other row of other heat fins extending upward from the
other top edge and curving diagonally away from the
other heat plate to be parallel with the heat fins.

10. A computer system, comprising:

an enclosure;

a printed circuit board in the enclosure, the printed circuit
board comprising memory slots;

memory modules inserted into the memory slots;

coolers for the memory modules, each cooler comprising:
afirst heat plate having a first top edge and a first interior

side, the first interior side being thermally coupled to
a first exterior side of a corresponding memory mod-
ule;

a first row of first heat fins extending upward from the
first top edge, the first heat fins being first strips that
are curved and twisted so their free ends are substan-
tially parallel to a simulated or an actual airflow about
the memory module;

a second heat plate having a second top edge and a
second interior side, the second interior side being
thermally coupled to a second exterior side of the
corresponding memory module; and

a second row of second heat fins extending upward from
the second top edge, the second heat fins begin second
strips that are curved and twisted to be parallel with
the first heat fins.

11. The computer system of claim 10, wherein the free ends
of the first and the second heat fins of each cooler are offset
from each other so they do not block each other from the
simulated or the actual airflow about the memory modules in
the enclosure.

12. The computer system of claim 10, wherein each cooler
further comprises:

a third row of third heat fins in line with the first row of first
heat fins along the first top edge, the third heat fins
extending upward from the first top edge and curving
along the length of the first heat plate; and

a fourth row of fourth heat fins in line with the second row
of'second heat fins along the second top edge, the fourth
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heat fins extending upward from the second top edge and

curving along the length of the second heat plate.

13. A method for cooling memory modules on a printed
circuit board in an enclosure, comprising:

determining airflow about the memory modules in the

enclosure by simulation or testing; and

adjusting heat fins extending upward from top edges of

heat plates thermally coupled to sides of the memory

modules, said adjusting comprises twisting and curving
the heat fins so:

free ends of the heat fins are parallel to the airflow about
the memory module in the enclosure; and

the heat fins curve diagonally away from the top edges
and into the airflow.

14. The method of claim 13, wherein larger lateral surfaces
of' the heat fins bring air down to the memory modules.

15. The method of claim 13, wherein said adjusting com-
prises arranging the heat fins in increasing height along the
top edge.

16. The method of claim 13, wherein the heat fins are
arranged in increasing diagonal reach away from the heat
plates.

17. The method of claim 13, wherein said adjusting further
comprises offsetting the free ends so they do not block each
other from the airflow about the memory modules in the
enclosure.

18. A cooler for a memory module, comprising:

a heat plate, comprising:

a block with a top edge and an interior side, the interior
side for thermally coupling to an exterior side of the
memory module; and

a row of pins extending along the top edge of the block;
and

heat fins each comprising an airfoil with a bottom bore

mounted on a corresponding pin on the top edge of the

block.



